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Outline

• Ronningen
– Examples of Simulations for Fragment Pre-

Separator Area Pre-Conceptual Design
• Quadrupole radiation damage simulations
• Beam Dump simulations
• Bulk Shielding

• Remec
– Examples of Simulations for ISOL Target Area 

Pre-Conceptual Design
• Two-step target simulations
• Large-scale simulations examples



A Sampling of RIA Primary Beams

ION A Z ENERGY (MeV/nucleon)

H 1 1 1019

3He 3 2 777

D 2 1 622

O 18 8 560

Ar 40 18 566

Kr 86 36 510

Xe 136 54 470

U 238 92 400

Current technology limits U to about 130 kW.
All the rest are 400 kW.



Where Do Primary Beam and Fragments Go?



Sample Beam-Fragment Combinations



Simple Geometry of Fragment Pre-Separator
for Simulations

Target

Beam Dump

Quadrupoles

Dipole

Resistive Sextupole

W Shield

Developed using MORITZ Geometry Editor 
(White Rock Science)



Transport of Primary Beam using PHITS

Primary beam 
400 MeV/u 
238U

Cu beam 
dump



Target Beam dump

Steel shell surrounding system
Resistive
sextupole

Neutron Flux in Pre-Separator using PHITS: 48Ca beam at 500 MeV/u



“Realistic” Quadrupole Geometry
using BNL Design with Realistic Material Compositions

Target Hevimet shieldFrames are cryostat walls
HTS Coil: Ag+BSCCO
Insulator: AlO+He



Neutron Flux in Target, 1st Quad Area - No Magnetic Field



Neutron spectrum at the coil for 136Xe
at 500 MeV/u (PHITS simulation)



Protons – no magnetic field



Protons – Quadrupole magnetic field ON



Total Heat Tally



Triplet heat – no magnetic fields

•Like the peak magnetic field 
determining the conductor 
requirements, the maximum 
dose in a single area 
determines the coil life 
time.

•Note the dose is a factor of 
two higher than calculations 
done for a single quad. This 
is because of the enclosure 
reflecting low energy neutron 
back into the coils.

•The peak doses on each 
subsequent quad is only 
reduced by a factor of two
due to both the reflected 
neutrons and the high flux of 
very energetic ones  (>100 
MeV).



Coil Life Estimate

Using an average density of 10 g/cm3, 10 mW/cm3

give a dose rate of 1 Gy/s

With 107 s per year operation, this is 10 MGy dose.

If HTS is as radiation resistant as Nb3Sn (500 MGy),
then coils last 50 years.

Plan to test HTS 12/05 at LBNL with protons. It will be
compared with Nb3Sn, which has known tolerance.



Advanced beam dump designs

• To mitigate radiation damage, rotating beam 
dump concepts are being considered

• In particular, a rotating barrel-shaped dump 
has been designed capable of withstanding 
a 1cm-diameter beam spot

• U beam stops in cooling water, avoiding 
high DPA values in structural material

Need to address prompt 
and decay dose to 

sensitive components in 
rotating vacuum seal



Radiation transport results

• We have used the heavy ion transport code PHITS to simulate particle 
transport in pre-separator area

• Model includes barrel beam dump, steel water inlet/outlet pipes, hub 
region with representative materials and downstream multipole magnet

• Assumed operation with 
a 320 MeV U beam with 
1 cm-diameter spot size 
at a current of 3x1013 pps



Vacuum enclosure and dipole included



Radiation transport results:            
prompt dose and DPA

Material Density 
(g/cc)

Effective dose 
(MGy/yr*)

Dose limit 
(MGy)

DPA/yr*

0.29 0.1
100
10

>1?

0.15
4.5E-06
5.9E-06
7.6E-070.74

1.08 7.1E-07

6
8.82
1.42
1.42

NdFeB
SmCo
Kapton
FerroFluid
*Assumed that fragmentation line is operating at full power for one-third of the calendar year

• Dose to NdFeB magnet exceeds recommended limit after ~ 2 months of 
full power operation: shielding needed to extend lifetime

• DPA in the hub materials found to be negligible

• Maximum DPA rate in the Al barrel ~0.03 DPA/yr* (most of the primary 
beam stops in water); maximum DPA in multipole ~5x10-4 DPA/yr*

• Peak energy deposition in multipole = 0.03 W/cc, with 2.1 kW total



Borated (5 wt%) polyethylene shielding around NdFeB magnet
(5 cm thick spherical shell)

Material Density (g/cc) Effective dose 
(MGy/yr*)

Limit (MGy)

0.05 0.1NdFeB 6
* Assumes operational for 1/3 of each year



Simplified geometry model

Water wheel dump with 
3 mm Al window

STST shaft 
containing water

Sample materials outside 
concrete enclosure: LCS, 
FerroFluid, Kapton, SmCo

Vacuum region enclosure 
(2 m thick concrete walls)

AIR surrounding 
the whole system

136Xe at 341 MeV/u, 3.74x1013 ions/sec



Investigate Radioactivity Inventory for Components

Wheel Beam Dump Activity
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"Top-Ten" 90 days after EOB Xe Beam
no. nuclide [Bq/cc] [Bq] [%] nuclide [W/cc] [W] [%]
1 Be  7 1.25E+07 1.60E+11 47.2 Be  7 6.76E-07 8.62E-03 40.1
2 H   3 2.76E+06 3.52E+10 10.4 Y  88 1.82E-07 2.32E-03 10.8
3 I 125 2.16E+06 2.76E+10 8.2 Sb124 1.07E-07 1.37E-03 6.4
4 Xe127 1.05E+06 1.34E+10 4.0 Cs134 8.78E-08 1.12E-03 5.2
5 Y  88 4.21E+05 5.36E+09 1.6 Xe127 5.10E-08 6.50E-04 3.0
6 Rb 83 4.11E+05 5.25E+09 1.6 Cs136 4.04E-08 5.15E-04 2.4
7 In113m 3.53E+05 4.50E+09 1.3 Rb 83 3.47E-08 4.43E-04 2.1
8 Sn113 3.53E+05 4.50E+09 1.3 Sr 85 2.90E-08 3.69E-04 1.7
9 Sr 85 3.46E+05 4.42E+09 1.3 Rb 82 2.87E-08 3.66E-04 1.7

10 Kr 83m 3.38E+05 4.31E+09 1.3 Nb 95 2.40E-08 3.06E-04 1.4
top-10 sum= 2.07E+07 top-10 sum= 1.26E-06

total activity 2.66E+07 [Bq/cc] ( 3.38744E+11 [Bq])
total decay heat 1.69E-06 [W/cc] ( 2.14929E-02 [W])

(beta) 7.56E-07 [W/cc] ( 9.63692E-03 [W]) 44.8%
(gamma) 9.30E-07 [W/cc] ( 1.18560E-02 [W]) 55.2%
(alpha) 2.02E-17 [W/cc] ( 2.57106E-13 [W]) 0.0%

activated atoms 2.51E+15 [/cm**3]
(A=60-180:all) 2.79E+15 [/cm**3]

(A=60-180:activated) 5.29E+14 [/cm**3]

"Top-Ten" 90 days after EOB Uranium Beam
no. nuclide [Bq/cc] [Bq] [%] nuclide [W/cc] [W] [%]
1 Be  7 7.49E+06 9.55E+10 38.1 Be  7 4.04E-07 5.15E-03 16.4
2 H   3 1.60E+06 2.04E+10 8.1 Po210 2.61E-07 3.33E-03 10.6
3 Nb 95 9.49E+05 1.21E+10 4.8 Nb 95 1.23E-07 1.57E-03 5.0
4 Zr 95 6.42E+05 8.19E+09 3.3 Zr 95 8.77E-08 1.12E-03 3.6
5 Rh103m 6.41E+05 8.17E+09 3.3 Rh106 7.55E-08 9.63E-04 3.1
6 Ru103 6.40E+05 8.17E+09 3.3 Po216 6.38E-08 8.13E-04 2.6
7 Y  91 5.55E+05 7.08E+09 2.8 Ru103 6.09E-08 7.77E-04 2.5
8 Sr 89 4.71E+05 6.01E+09 2.4 Rn220 5.91E-08 7.54E-04 2.4
9 Pa233 3.89E+05 4.97E+09 2.0 Po213 5.87E-08 7.49E-04 2.4

10 Po210 3.02E+05 3.85E+09 1.54 Y  91 5.39E-08 6.87E-04 2.19

total activity 1.96E+07 [Bq/cc] 2.50435E+11 [Bq])
total decay heat 2.46E-06 [W/cc] ( 3.14304E-02 [W])

(beta) 6.80E-07 [W/cc] ( 8.66643E-03 [W]) 27.57%
(gamma) 5.97E-07 [W/cc] ( 7.61780E-03 [W]) 24.24%
(alpha) 1.19E-06 [W/cc] ( 1.51461E-02 [W]) 48.19%

activated atoms 1.85E+15 [/cm**3]
(A=60-180:all) 1.24E+15 [/cm**3]

(A=60-180:activated) 3.16E+14 [/cm**3]



Proton, 3He, 238U Comparison

U-238 : 400 MeV/u

He-3 : 777 MeV/uproton : 1 GeV

Beam on stopping Cu target

Beam direction



Compare Effective Dose Equivalent
for Different Beams

Compare Dose Rates
 Outside of 1-meter Concrete Shield for:

 Proton, d, 3He, 22Ne, 48Ca, 136Xe, 238U Beams 
at 400 kW

1.0E+06

1.0E+07

1.0E+08

1.0E+09

1.0E+10

5 15 25 40 65 90 110

Mid-Angle of Tally Cone (degrees)

D
os

e 
R

at
e 

(m
re

m
/h

r) Protons
Deuterons
3He
22Ne
48Ca
136Xe
238U



Dose Rate Outside of Concrete Shielding
1 GeV protons on Stopping Cu Target; 400 kW
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Results for Proton Beam and Concrete Shield


	RIA  R&D Participants(now starting 2nd year of funded effort)
	Outline
	A Sampling of RIA Primary Beams
	Simple Geometry of Fragment Pre-Separatorfor Simulations
	Neutron spectrum at the coil for 136Xeat 500 MeV/u (PHITS simulation)
	Total Heat Tally
	Vacuum enclosure and dipole included
	Borated (5 wt%) polyethylene shielding around NdFeB magnet(5 cm thick spherical shell)
	Proton, 3He, 238U Comparison
	Compare Effective Dose Equivalentfor Different Beams


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


